Endemic species are frequently assumed to have lower genetic diversity than species with large distributions, even if closely related. This assumption is based on research from the terrestrial environment and theoretical evolutionary modelling. We test this assumption in the marine environment by analysing the mitochondrial genetic diversity of 33 coral reef fish species from five families sampled from Pacific Ocean archipelagos. Surprisingly, haplotype and nucleotide diversity did not differ significantly between endemic and widespread species. The probable explanation is that the effective population size of some widespread fishes locally is similar to that of many of the endemics. Connectivity across parts of the distribution of the widespread species is probably low, so widespread species can operate like endemics at the extreme or isolated parts of their range. Mitochondrial genetic diversity of many endemic reef fish species may not either limit range size or be a source of vulnerability.
Introduction
Endemic species have been a popular focus of evolutionary science for those wishing to understand the causes and consequences of the geographical distribution of life on the Earth [1] . Genetic diversity can be both a cause and a consequence of species biogeography, and it can be difficult to determine the extent to which each applies [2, 3] . The general view is that genetic diversity can drive whether a species range size can increase and that diversity increases with range size [4] . There are two premises for this view. First, effective population sizes often increase as the range size increases; second, species adapt as they extend into new environments. Both factors can increase genetic diversity [4] . The result is that endemic species are widely viewed as having lower genetic diversity than species with greater distributions [5] . However, the popularity of this viewpoint is based nearly entirely on research from the terrestrial environment [2, [6] [7] [8] [9] [10] [11] .
Relationships between genetic diversity and range size were first explored in plants [8, 9] . In these and other studies [2, 11, 12] , genetic diversity was found to relate positively to range size. In other related studies, researchers have accounted for the effect of differences in phylogenetic history by comparing the genetic diversity of species from the same genus [5, 10] . These studies also find rare plant species to have significantly lower genetic diversity than widespread plants. The same relationship has been found when comparing endemic mammal and bird species from islands with related mainland species [12] ; genetic diversity was positively related with range size. For insects, Leffler et al. [3] showed that in the genus Drosophila widespread species were more genetically diverse than large range endemics, which were more diverse than small-range endemics.
There are high levels of endemism in the marine environment especially among the diverse coral reef fishes of remote islands. Endemic coral reef fish species tend to be concentrated in the periphery of the IndoAustralian hotspot [13] and the remote islands in the Pacific Ocean have especially high rates of endemism for coral reef fishes. As examples, approximately 25, 22 and 11% of the reef fish species of the Hawai'ian, Easter and Marquesas Islands, respectively, are endemic [14 -16] . Yet few studies have tested whether the relationships between genetic diversity and range size seen for terrestrial species apply in the marine environment. At the time of publication, there are only two published studies with a specific focus on comparing the mitochondrial genetic diversity of endemic versus widespread marine species. Eble et al. [17] studied three Hawai'ian surgeonfish (Acanthuridae) species and found the mitochondrial genetic diversity of the two endemic species to be lower than the diversity of the widespread species. In contrast, Hobbs et al. [18] found that the mitochondrial genetic diversity of an endemic angelfish (Pomacanthidae) species of Christmas Island and Cocos (Keeling) Islands is similar to two closely related widespread species. Both Eble et al. [17] and Hobbs et al. [18] sampled only one location each (Hawai'ian archipelago and ChristmasCocos (Keeling) Islands, respectively) and three species, and have contrasting results. These studies have thus not clarified whether there is a relationship between genetic diversity and range-size distribution in the marine environment, and assessing that for coral reef fishes is the objective here.
This study presents the largest-scale comparison of the mitochondrial genetic diversity of endemic versus widespread species conducted to date in the marine realm. We analyse the mitochondrial genetic diversity of 33 reef fish species from remote archipelagos of the Pacific Ocean (figure 1a). The species included are a mix of widespread species and small-and large-range endemics. Five families and several different reproductive strategies are represented. We describe the evolutionary processes probably responsible for our results, and discuss the scientific and management implications of our findings.
Material and methods (a) Sampling
A total of 1049 reef fishes (25 different species) were collected using polespears or anaesthetic in the Gambier archipelago in October 2010 and the Marquesas archipelago in November 2011. Mitochondrial genetic diversity indices and demographic history tests for reef fish species sampled across the Hawai'ian archipelago (eight species) come from the following published works: Eble et al. [17] for Ctenochaetus strigosus, Zebrasoma flavescens and Acanthurus nigrofuscus; DiBattista et al. [19] for the endemic Acanthurus nigroris (see Randall et al. [20] ); DiBattista et al. [21] for Chaetodon ornatissimus; and Craig et al. [22] for Chaetodon multicinctus, C. militaris and C. fremblii. Five different families are represented: Acanthuridae, Apogonidae, Chaetodontidae, Pomacentridae and Serranidae. Several reproductive strategies are represented (table 1). Some of the families included in this study are sequential hermaphrodites (e.g. Pomacentrids) while others (e.g. Acanthurids) are gonochoristic. These traits can have an impact on the calculation of effective population sizes, which we do not compute or use in this study. Species were classified as widespread (range size . 12 000 km, 13 species), large-range endemic (1000-8000 km, 13 species) and small-range endemic (less than 500 km, seven species), depending on their maximum range extent (figure 1a). Range extent is used here instead of range surface area as extent can be easily calculated from guidebooks (e.g. [23] ) and is less subjective (i.e. polygons encompassing range area can be drawn many ways). Using a maximum range extent of 8000 km for endemics is consistent with Hodge et al. [24] , whose largest range area for endemics equates to a range extent of 9000 km (Anampses femininus).
(b) Laboratory procedures and genetic analyses
Whole genomic DNA was extracted from fin tissue preserved in 96% EtOH kept at ambient temperature. DNA extraction was performed using QIAxtractor (Qiagen, Crawley) according to manufacturer's protocols. Cytochrome b fragments (approx. 800 bp, mitochondrial DNA) were amplified using PCR protocols and sequencing as described by Williams et al. [25] . All unique sequences have been deposited in GenBank. Sequences were aligned with CLUSTAL W [26] and edited using GENEIOUS v. 5.4 [27] . The indices of genetic diversity used are haplotype diversity (h) and nucleotide diversity ( p). Both indices were estimated for the 12 widespread species and 14 endemic species using DNASP v. 5.1 [28] , which implements diversity indices algorithms described by Nei [29] . We used the summary statistics Tajima's D [30] , Fs [31] and R2 [32] to detect departures from a neutral Wright -Fisher model. Significant negative values of Tajima's D and Fs, and significant small positive values of R2, indicate population growth (or a selective sweep). Significant positive values of Tajima's D are a signature of genetic subdivision, population contraction or diversifying selection. All three summary statistics were produced using DNASP v. 5.1 [28] and tests for significance were carried out following 1000 coalescent simulations.
(c) Data analyses
Sample sizes varied widely among species, so we tested first whether the genetic diversity indices were correlated with the number of individuals collected. Pearson's and Spearman's tests were used for haplotype and nucleotide diversity, respectively, as h followed normality assumptions and p did not. No correlation was found between either of the indices and sample size (Pearson's correlation for h:
. We investigated differences in the genetic diversity of endemic and widespread species and the potential drivers of any differences using five approaches. (i) Student test for haplotype diversity and Wilcoxon -Mann -Whitney test for nucleotide diversity were used to compare genetic diversity between endemic and widespread species. (ii) ANOVA and Kruskal -Wallis were used to test for significant differences in haplotype and nucleotide diversity, respectively, among the three range-size classifications. We used the (iii) Wilcoxon signed-rank test analysis to compare the genetic diversity indices for endemic species that had a widespread congener caught in the same archipelago, following Karron [10] and Gitzendanner & Soltis [5] . (iv) Permutational multivariate ANOVA [33] was used to determine the amount of variation in normalized haplotype and nucleotide diversity explained by the following five predictor variables: family, demographic history, archipelago, range-size classification and reproductive strategy (see table 1 for this information for all species). We then used (v) a multivariate regression tree (MRT) [34] to hierarchize the significant predictor variables from the PERMANOVA. Prediction error was used to assess model fit and determine the appropriate tree size, and the tree was pruned by cross-validation using the minimum rule presented by Breiman et al. [35] . All statistical analyses were performed on R v. 3.0.2 [36] , using the vegan package [37] , mvpart package for MRT [38] and ggplot2 for graphics [39] .
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Results and discussion
There is no consistent pattern or relationship between mitochondrial genetic diversity and range size for the 33 species and three archipelagos included here. In contrast to the general pattern seen for terrestrial species, endemic and widespread coral reef fish species have similar mitochondrial genetic diversity. Three main lines of evidence supporting this statement are presented.
(1) Haplotype (h) and nucleotide diversity ( p) varied widely among widespread and endemic species. Mitochondrial genetic diversity (both indices) is shown as box and whisker plots in figure 1b for the grouping of large-and small-range endemic species and for each range-size classification. When the endemics are grouped and when separated, the boxes forming the first and third quartiles for mitochondrial genetic diversity overlap with the boxes for widespread species, and this is the case for both diversity indices. The statistical tests support the visual interpretation of the figure 1b plots. figure 2 ), the endemic species have a higher mitochondrial genetic diversity than their widespread congeners. These pairs of species are from the families Pomacentridae and Chaetodontidae. For four other pairs (5, 6, 10 and 11), the endemic species have a lower mitochondrial genetic diversity than their widespread congener. Among these four pairs all families are represented except Serranidae. There are four pairs in which the comparisons of haplotype and nucleotide diversity are not concordant (4, 8, 9 and 12) ; for these pairs and for each diversity index there is an endemic with greater mitochondrial genetic diversity than a widespread, and vice versa. For all three types of results-E . W, W . E and 'not concordant'-all three of the archipelagos and both small-and large-range endemics are represented. None of the endemic-widespread sister-species pairs of this study shared mtDNA haplotypes. rspb.royalsocietypublishing.org Proc. R. Soc. B 281: 20141068 figure 3) . Family is the most important factor, explaining 44% of the variance in mitochondrial genetic diversity. The next node separates species based on whether the diversity indices suggest a population expansion occurred (7.5% of variance). Both of the following nodes are based on range-size classification (5.2 and 7.5% for presence/ absence of an expansion, respectively). As above, rangesize classification as an independent predictor is not significant and explains only 12.7% of the variance in mitochondrial genetic diversity observed, and only when combined with demographic history.
An order of magnitude more species (33) are included here than in the two previous published studies (3) that compared the mitochondrial genetic diversity of endemic and widespread coral reef fishes. Here, all the possible results are seen in that the endemic species have greater, less and similar mitochondrial genetic diversity compared with the widespread species. This explains why the results of the two previously published studies-by Eble et al. [17] and Hobbs et al. [18] -contrast with one another. If the mitochondrial genetic diversity of only a few reef fish species are sampled and compared our results show that finding the mitochondrial genetic diversity of endemic species to be greater than widespread species is as likely as finding the opposite result. We make the case that the explanations for our finding mainly relate to effective population size and connectivity, along with differences among species in demographic history and speciation/divergence. Genetic diversity and effective population size are inextricably linked and positively related [40, 41] . As above, for the congener pairs the mitochondrial genetic diversity of some endemic species is greater than the diversity of the widespread congener (case 1; 5 of 11 pairs) and vice versa (case 2; 4 of 11 pairs), and there is a plausible explanation related to effective population size for each of these cases. The plausible scenario for case 1 (E . W) is that the effective population size of the endemic species in its range is greater than the effective population size of the widespread species where we sampled. The widespread species may have a far greater effective population size than the endemic species throughout its entire range, but the sampling location and other locations where the species occurs may have low connectivity, so mixing is low. Mixing may only be sufficient to maintain the integrity of widespread species and may only occur during rare migration events. Studies have shown that populations of widespread species are sometimes depauperate at the geographical extremes of their distribution [42, 43] . We posit that among our sampled widespread species the remoteness of some islands limits gene flow so much that some of the species are essentially operating like endemics, and that some others have higher degrees of connectivity to the broader population. For the former, isolation is having the same effect as being at the geographical extreme of the distribution. Many of our widespread species (69%) display a signature of population expansion, which has potentially been the consequence of local bottlenecks, increasing the likelihood that the genetic diversity will not be significantly greater than found for the endemic congeners. In support of this, several studies have shown that isolated archipelagos can host genetically differentiated populations of some widespread reef fishes (Acanthurus triostegus [44] , Scarus psittacus [42] , Lutjanus kasmira [45] , Centropyge flavissima [46] ). Furthermore, Messmer et al. [43] show a decline in genetic diversity among widespread species from west to east in the Pacific region where we sampled, indicating that some of our widespread species may be both isolated and at the extreme ends of the range. When the mitochondrial genetic diversity of the widespread species is greater than the endemic congener (4 of the 11 cases), the plausible scenario is that the effective population size of the widespread species is either greater or far greater than that of the endemic. In these cases, the degree of connectivity to the regional/global population may be greater than for the cases where the endemic species has greater diversity than the widespread congener. Hobbs et al. [47] showed that local abundance and geographical range size are not correlated in marine fishes. Many marine endemic reef fish are abundant [48] and local population size of small-range endemics can be an order of magnitude greater than the population size of widespread species at the same location [49] . Endemic species studied here were abundant, and only Pseudogramma xantha, Chromis fatuhivae and Chromis flavapicis were found to be especially rare. These species exhibit contrasting mitochondrial genetic diversity; P. xantha and C. fatuhivae have high mitochondrial genetic diversity (0.996 and 0.959 respectively), and C. flavapicis has low mitochondrial genetic diversity (0.285).
The wide range in mitochondrial genetic diversity seen for widespread species, as well as small-and large-range endemics, also suggests that each group may include species with both different demographic histories as well as old and recent divergence. Stebbins & Major [50] distinguish two types of endemism based on the age of species. Neoendemic species are young species that may expand their geographical range as they evolve; they fit the 'age and area' hypothesis first proposed by Willis [51] . Palaeoendemic species once had far larger distributions, but their biogeographical range has greatly decreased. Whether the endemics included here are neo-or palaeoendemics is unknown; it is likely though that there is a mix of each type among the 18 endemics included. Having a mix of the two types of endemics increases the likelihood that a wide range of mitochondrial genetic diversity will be seen among sampled endemics, especially given the range of environmental conditions and habitats sampled here. We describe above that the widespread species sampled probably include a range in levels of connectivity with the broader population. As with the endemics, the widespread species sampled probaby include a range of demographic histories (i.e. species have varying degrees of isolation that could relate to time since settlement, and some have expanded while others have faced bottlenecks). We show that all sampling locations are represented among the endemics with greater mitochondrial genetic diversity than their widespread congener, and for the opposite case. This result lends strong support to our suggestion that for all locations, there are species-widespread and endemic-with very different demographic histories.
In summary, the results presented clearly show that the mitochondrial genetic diversity of endemic reef fish species (Osteichthyes) is not different than that of closely related widespread species; at least not consistently so in the IndoPacific. Here, mitochondrial genetic diversity of the endemic species in our congener pairs is greater than the diversity of widespread species nearly as often as the opposite is the case. The key message is that range-size distribution is not either a strong driver or a good predictor of the mitochondrial genetic diversity of coral reef fish in the Indo-Pacific. There are three critically important implications of this result for the way the scientific and management community view both endemic and widespread marine species. First, we cannot assume that low (or lower) mitochondrial genetic diversity is limiting the ability of endemic marine species rspb.royalsocietypublishing.org Proc. R. Soc. B 281: 20141068 to expand their distribution. There are certainly cases where this will be true, but our results suggest that for many of the endemic species included here other drivers of the ability to expand, like connectivity and competition, have greater influence than mitochondrial genetic diversity. Second, there will be cases where genetic diversity can be a source of vulnerability for endemic species, but we cannot assume this will always be the case. Low connectivity due to isolation is probably a far greater source of vulnerability than genetic diversity for many of the endemic coral reef fish species included here. Lastly, if viewing biodiversity from the perspective of genetic diversity, extinction of some local populations of widespread species may result in a net loss of biodiversity similar to that for total extinction of an endemic species.
Data accessibility. GenBank accession numbers: KM455125-KM455538. Figure 3 . Multivariate regression tree (MRT) of normalized haplotype diversity (h normalized) and nucleotide diversity ( p normalized) using the predictor variables from PERMANOVA that are significant: family (Ac., Acanthuridae; Ap., Apogonidae; C., Chaetodontidae; Po., Pomacentridae; Serr., Serranidae), range-size classification (W, widespread; L, large-range endemic; S, small-range endemic) and demographic history. Location codes: G, Gambier archipelago; H, Hawai'ian Islands; M, Marquesas Islands. A total of 64.2% of variance is explained; length of branches is proportionate to the variance explained.
